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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


TECHNICAL MEMORANDUM X-186 


TESTS OF AERODYNAMICALLY HEATED MULTIWEB WING STRUCTURES 
IN A FREE JET AT MACH NUMBER 2 


FIVE ALUMINUM-ALLOY MODELS OF 20- INCH CHORD WTTH 
0.064- INCH- THICK SKIN, 0 .025- INCH-THICK WEBS, 
AND VARIOUS CHORDWISE STIFFENING 
AT 2° ANGLE OF ATTACK* 

By Donald H. Trussell and Robert G. Thomson 


SUMMARY 


An experimental study was made on five 2024-TJ aluminum-alloy 
multiweb wing structures (MW-2-(4), MW-4-(3), MW-l 6 , MW- 17 , and MW- 18 ), 
at a Mach number of 2 and an angle of attack of 2°, under simulated 
supersonic flight conditions. These models, of 20-inch chord and semi- 
span and 5 -percent-thick circular-arc airfoil section, were identical 
except for the type and amount of chordwise stiffening. One model with 
no chordwise ribs between root and tip bulkhead fluttered and failed 
dynamically partway through its test. Another model with no chordwise 
ribs (and a thinner tip bulkhead) experienced a static bending type of 
failure while undergoing flutter. The three remaining models with one, 
two, or three chordwise ribs survived their tests . The test results 
indicate that the chordwise shear rigidity imparted to the models by 
the addition of even one chordwise rib precludes flutter and subsequent 
failure under the imposed test conditions. This paper presents tempera- 
ture and strain data obtained from the tests and discusses the behavior 
of the models . 



INTRODUCTION 


The Langley Structures Research Division has been engaged in an 
investigation to determine the effects of aerodynamic heating on air- 
craft structures. As part of this investigation, a series of multiweb 
wing structures has been tested in a free jet at a Mach number of 2. 
These multiweb models had 5-percent- thick circular-arc airfoil sections 
and solid leading and trailing edges. 

The first of these models, designated as MW-1, was an aluminum- 
alloy wing of 40-inch chord and semi span and was instrumented only with 
thermocouples. The test of this model was conducted to obtain skin and 
internal temperature variations with time. However, the aerodynamic 
heating and loading caused the model to flutter and fail near the end 
of the test. The results of the test of model MW-1 are presented in 
reference 1. 

Subsequent models were similar to model MW-1 in design, but had 
20-inch chords and semispans with the exception of MW-1- (2), a dupli- 
cate of MW-1, which had more thermocouple instrumentation than MW-1 
and also had some strain-gage and pressure instrumentation. The 20-inch 
models differed in internal structure, skin thickness, and material.^ 

The results reported thus far on tests of these models can be found in 
references 2 to 8. 

This paper presents the results for five models tested at 2° angle 
of attack and at a Mach number of 2 with sea-level static temperature 
and pressure. These models, designated as MW- 2- (4), MW-4(3), MW-16, ^ 

MW- 17, and MW-18, varied only in the type and amount of chordvise stif- 
fening. Model temperatures and strains were measured and high-speed 
motion pictures were taken during all tests. 


SYMBOLS 


a speed of sound, fps 

l distance along model chord from leading edge, ft 

M Mach number 

p pressure, psia 

1 2 

q dynamic pressure, ^pV , psi 


R 


Reynolds number per foot, 


pVZ 

M- 


t time from start of air flow, sec 

T temperature, °F 

V velocity of air, fps 

a angle of attack, deg 

P absolute viscosity of air, slugs/ft-sec 

p density of air, slugs/cu ft 

Subscripts : 

aw adiabatic wall 

o initial conditions 

t tunnel stagnation conditions 

°o free-stream conditions 

MODELS AND TESTS 


Model Construction 

All the models in the group reported in this paper were of the 
same exterior configuration (20-inch chord and semispan and 5-percent- 
thick symmetrical circular-arc airfoil) and all were fabricated of 
2024-T3 aluminum alloy. All models had solid leading and trailing 
edges and six 0 . 025 - inch- thick formed, spanwise stiffeners and 
0 .064-inch-thick skins. The models were also identical in the design 
of the root section, with a solid root bulkhead and doubler plates to 
strengthen the root connection. Figure 1 shows the construction 
details of the models. Section AA shows details of the tip bulkheads, 
and section BB (fig. 1(a)) shows the root construction and attachment 
to the model mounting support. 

The only difference in the design of the models was the type and 
amount of chordwise stiffening. Model MW-2-(4) had an 0.250-inch-thick 
solid tip bulkhead, whereas models MW-4-(3), MW- 16 , MW- 17 , and MW-18 
had 0 . 025 -inch-thick formed tip bulkheads. Also, models MW-2-(4) and 
MW-4(3) had no internal chordwise ribs whereas models MW-16, MW- 17 , 
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and MW-18 had three, two, and one chordwise ribs, respectively. These 
ribs had the same dimensions as the tip bulkheads of models MW-4-(3), 
MW-l6, MW-17, and MW-18, but were discontinuous at the spar webs. (See 
fig. 1(c).) 

After the models were assembled, they were painted with a thin 
coating of zinc chromate primer and striped with black lacquer to form 
a grid pattern which aided in studying the model behavior recorded by 
the motion-picture films. 


Model Instrumentation 

Instrumentation consisted of thermocouples and wire strain gages 
installed at the locations noted in figure 2. Figure 5 shows the strain- 
gage and thermocouple instrumentation and the internal structure of 
model MW- 16 prior to final assembly. Much of the instrumentation for 
models MW-l6, MW-17, and MW-18 (fig. 2) was inoperative for the tests 
reported herein because of damage Incurred in previous tests . 

Iron-constantan thermocouples were installed in the skins and 
stiffeners by forming a common bead on one end of the thermocouple lead 
wires and peering the bead into a hole drilled to the midplane of the 
material at the desired location. Thermocouples located in the interior 
of the solid leading- and trailing-edge sections (MW-l6) were installed 
by coating the hot-junction beads with cement and inserting the beads 
into small holes drilled into those sections. 

The model strain gages were SR-4 type EBDF-7D temperature- 
compensated wire strain gages and were attached to the models with 
thermosetting cement. These gages are temperature-compensated to read 
approximately zero strain on unstressed 2024-T3 aluminum alloy at tem- 
peratures between 50° F and 250° F. A detailed explanation of the 
strain-gage installation technique and temperature compensation is dis- 
cussed in reference 7 • 


Accuracy of Data 

The estimated probable errors in individual measurements of the 
model and tunnel instrumentation, and the corresponding time constants 
are presented in the following table: 



Item 

Probable error 

Time constant, a 
sec 

Tunnel stagnation pressure 

±0-7 psi 

0.03 

Tunnel stagnation temperature .... 

±3° F 

0.12 

Model temperature 

±3° F 

0.03 

Model strain 

±150 p in. /in. 

0.02 


^he time constant is defined to be the time required for a 
recorded value to reach 63 percent of a step-function input value. 

The determination of the time constant is independent of the probable 
error . 

Errors that result from the hot-junction thermocouple installation 
have not been evaluated and are not included in the probable error , but 
these errors are believed to be small. These hot- junction errors can 
result from variations in the contact pressure between the thermocouple 
bead and the model skin when the model skin is vibrating, or in the 
case of the thermocouples in the leading and trailing edges of 
model MW-lb, the errors can result from the insulating effect of the 
cement used in the installation. 


Vibration Nodal Patterns and Frequencies 

Prior to the aerodynamic tests, the models were subjected to vibra- 
tion surveys to determine their natural nodal patterns and corresponding 
frequencies at room temperature. (Models MW-16, MW-17, and MW-18 were 
previously surveyed. See ref. 7-) An air- jet shaker was used to excite 
the models and the vibrations were received by a velocity pickup and 
circuited to a cathode-ray oscilloscope. The velocity pickup was moved 
over the surface of a model to determine the node lines; frequencies 
were measured by a Stroboconn frequency meter. Figure k shows the 
results of these surveys. The nodal patterns (fig. k) are composites 
for all models; individual model node lines varied slightly. 

Although the five models were outwardly identical, they were dif- 
ferent structurally; therefore, their natural modes and frequencies 
might be expected to be dissimilar. The lightest model, MW-^-(3), 
which had a light tip bulkhead and no ribs, can be used as a basis of 
structural comparison since the remaining models varied either by 
having a heavier tip rib (MW-2-(4)) or by the addition of one, two, or 
three ribs (MW-18, MW-17, or MW- 16 ) . The heavier tip bulkhead of 
model MW-2-(4) (over that of model MW-4-(3)) resulted in no significant 
difference in either the nodal patterns or corresponding frequencies 
(except for pattern K of fig. A); any additional stiffness near the 
tip of the wing was apparently offset dynamically by the added mass. 



Since the two models without ribs responded similarly over the fre- 
quency range covered by this survey , another comparison can be made 
between the models without ribs and those having ribs. The lowest fre- 
quency of the first mode involving primarily chordwise distortion for 
the rib-stiffened models (nodal pattern I) was 450 cps, whereas, for 
the models with no ribs, the frequencies were less than 280 cps (nodal 
pattern C) . The addition of ribs to the basic model design (MW-4-(3)) 
changed nodal pattern C from a mode involving primarily chordwise dis- 
tortion to nodal pattern D, a mode involving primarily bending distor- 
tions. Also, over the frequency range of this survey, the models 
without ribs experienced more chordwise distortion modes than were 
experienced by the rib-stiffened models. Therefore, as expected, the 
models without chordwise ribs were considerably less resistant to 
chordwise distortions than were the rib-stiffened models. Moreover, 
the addition of one rib to the basic model design is sufficient to 
preclude natural modes involving primarily chordwise distortion in the 
frequency range below 450 cps . 

The results shown for models MW-l6, MW-17, and MW-18 differ only 
slightly from previous results for these models reported in reference 7. 
In general, the modal frequencies reported herein are lower than those 
reported in reference 7. These lower frequencies probably indicate a 
reduction in stiffness resulting from repeated testing of these models. 


Test Facility 

The facility used for the aerodynamic tests of the multiweb wing 
models was the preflight jet of the NASA Wallops Station. This facility 
is a supersonic, blowdown jet which utilizes a heat accumulator for 
stagnation- temperature control. Models were tested in a free jet at a 
Mach number of 2 downstream of the exit of the 27- by 27- inch nozzle. 
This facility and its operation are discussed in the appendix of 
reference 2. 


Test Procedure 

Model mounting .- The models were mounted root downward at an angle 
of attack of 2° with the leading edge approximately 2 inches downstream 
of the nozzle exit plane. Figure 5 shows a typical model in test posi- 
tion at the exit of the 27- by 27-inch jet. (The two stagnation- 
temperature probes located to the rear of the model were not used for 
the tests discussed in this paper.) The angle of attack is noted as 
positive for clockwise rotation looking down on the tip of the model. 

The models were pivoted about a point 2li inches downstream of the 
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leading edge. The angle of attack was measured between the exit plane 
of the jet and the tip chord line of the model. 

An aerodynamic fence surrounded the models near the root so that 
only 19“ inches of the total semispan of 24— inches were exposed to the 

supersonic airstream. The sharp leading edge of the aerodynamic fence 
was positioned l/8 of an inch above the lower jet boundary to remove 
some of the cold boundary layer. (See fig. 2.) 

Supporting equipment .- The sequencing of the supporting equipment 
required for any test was accomplished with a programing device. The 
photographic lighting, time-correlating device, cameras, data recorders, 
and also the opening of the pressure control valve were individually 
energized on signal from the programer . The temperature, pressure, and 
strain data were recorded on three l8-channel recording oscillographs. 

In the tests, five motion-picture cameras were focused on the models 
from various positions to record the model behavior. Two of these cam- 
eras were run at a film speed of 110 frames per second throughout the 
test, a third was run at a film speed of 1,000 frames* per second through- 
out the test, and each of the remaining two cameras was sequenced to 
record approximately half a test at 1,600 frames per second. 


Test Conditions 

Test conditions were considered to exist when the tunnel stagnation 
pressure exceeded 100 psia - the pressure required to establish super- 
sonic flow over the entire model. For the tests on each of the five 
models, the tunnel stagnation pressures are plotted in figure 6(a) and 
the stagnation temperatures in figure 6(b) . The average test stagnation 
pressures and temperatures presented in table 1 were obtained by inte- 
gration of the area under the stagnation pressure and temperature curves 
shown in figure 6 for the interval when the stagnation pressure exceeded 
100 psia. The dashed lines shown on the curves represent the average 
values thus obtained for the time interval in which test conditions were 
considered to exist. Zero time in all tests was referenced on all data 
records to the initial disturbance of a static-pressure pickup located 
slightly upstream from the nozzle exit plane. 

The time of initial failure for models MW-2-(4) and MW-4-(3) is 
shown in figure 6 by the intersection of the vertical line and the pres- 
sure or temperature curve . 

Table 1 presents the average aerodynamic test conditions determined 
from the Mach number, the average stagnation temperature, and the aver- 
age stagnation pressure for the five tests discussed herein. The values 



for stagnation pressure and temperature shown in parentheses in table 1 
for models MW-2-(4) and MW-4-(3) are the values that prevailed at the 
time of initial failure of these models. 


RESULTS AND DISCUSSION 


Model Temperatures 

Temperature data .- The temperature data at 1- second Intervals for 
the five model tests discussed in this paper are presented in table 2. 
The data indicate that all tests were of a transient nature and hence 
insufficient in length for the models to reach steady-state tempera- 
tures. The data also show the characteristic temperature variations 
exhibited in previous multiweb wing tests in this jet facility. These 
variations indicate that a spanwise temperature gradient in the jet 
results in higher temperatures near the tip and midspan than near the 
root. The data also show a characteristic chordwise decrease in skin 
temperature from leading to trailing edge at any given time, due to a 
decrease in aerodynamic heat transfer with chord length. The amount of 
temperature data obtained was limited because of the larger thermocouple 
fatality . 

Skin-web temperature differences .- The skin and web temperatures 
for models MW-2-(4) and MW-4^3) at 2 seconds of test time have been 
plotted in figure 7* The temperature data for models MW- 16, MW- 17, 
and MW-18 were not plotted because the models did not fail and, unlike 
models MW-2-(4) and MW-4-(3), the data were obtained from very dissimi- 
lar locations and after repeated previous tests. 

Figure 7 shows the temperatures, expressed nondimens ionally to 
allow direct comparison, at corresponding skin and web center-line 
locations for models MW-2-(4) and MW-4-(3) • Although there is con- 
siderable scatter in the data, the differences between the tempera- 
tures at the web center lines and the model skin temperatures (at loca- 
tions where there was essentially no conduction to the stiffeners) can 
be seen, in general, to be appreciably greater for model MW-4-(3) than 
for model MW-2-(4); thus, it is reasonable to expect that the thermal 
stresses were also greater. (The actual thermal stress at a point is 
a function of the temperature difference between the weighted average 
temperature and the temperature of the point . ) 

The larger temperature differences for model MW-4-(3) might be 
attributed either to differences in the imposed test heating conditions 
or to normal fabrication differences in the models, such as differences 
in the joints. However, since the aerodynamic heat-transfer coeffi- 
cients should have been almost identical, and since there was also very 
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little difference in the heat-transfer forcing function T aw - T for 

the two wings, the external transfer of heat to the models cannot 
account for the temperature differences. Hence, these differences 
must be largely due to differences in the thermal conductivity of the 
joints between the skins and the web flanges. (For a study of the 
influence of joint thermal conductivity on temperature distribution 
and resulting thermal stresses in similar structural components, see 
ref. 9-) 


Model Strains 

The model strain data at 1-second intervals are shown in table 3 
exactly as they were reduced from the oscillograph records, i.e., with- 
out any temperature corrections. Where data are not given in this 
table, either the strain gage was inoperative or large oscillations in 
the oscillograph record prevented reading the data. 

All the strain gages installed in models MW-2-(4) and MW-4-(3) 
except gages 8 and 9 were intended to be used to record the frequency 
of vibrations and allow phasing of any chordwise distortions; gages 8 
and 9 were intended to yield strain histories in bending about the 
root. The results shown in table 3 for these two models serve only to 
show the relative magnitude of the recorded strains in the area of the 
gages. Although the gages experienced high-amplitude vibrations at 
frequencies above the flat frequencies of the galvanometers, the phasing 
analysis is believed to be reliable because the vibrations were nearly 
equal in frequency and the attenuation in the signals from the gages 
should have been approximately the same . 

The strain gages installed in models MW-l6, MW-17, and MW-18 were 
also intended primarily to record frequency histories; in addition, a 
few gages were mounted in pairs at right angles to one another to yield 
biaxial strains so that the local stresses could be approximated at 
these locations. Also, some single gages were installed on the skin 
opposite the right-angled pairs and alined with one of the gages to 
indicate the corresponding strains in the opposite skin. Although 
12 pairs of gages were installed in models MW-16, MW-17, and MW-18 to 
record biaxial strains, only four pairs were operative in these tests 
(one pair in MW-l6, one pair in MW-17, and two pairs in MW-18) . The 
strain gages in models MW-l6, MW-17, and MW-18 experienced low-frequency, 
low-amplitude vibrations; thus, the recorded strains should have been 
influenced only to a minor degree by such factors as attenuation. How- 
ever, determination from the strain-gage histories of the true strains 
experienced by the models is subject to several sources of error, such 
as temperature compensation for zero drift of the gages. Because of 
this and other sources of error and because only four pairs of 
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perpendicular gages were operative, no experimental stress data are 
presented. Similarly, no calculated stress data are included. Stresses 
derived from the limited biaxial strain data were generally in fair 
agreement with stresses calculated by using approximate methods for 
determining thermal stresses and stresses due to loads. 


Model Behavior 


All five models were tested under fairly similar conditions, as can 
be seen from table 1. However, as might be expected from the known 
physical differences in the models (fig. l), the wings behaved somewhat 
differently. Models MW-2-(4) and MW-4-(3), without any internal chord- 
wise stiffening, failed, whereas the three models with internal chord- 
wise ribs did not. A brief summary of the significant events which 
occurred during the tests is given in table 4, and these events are dis- 
cussed in the following sections. One occurrence, common to all these 
tests, was that exhibited during the starting phase of the jet wherein 
the models were subjected to random pressure distributions and reacted 
by undergoing large bending deflections coupled with some smaller tor- 
sional deflections. Because of these disturbances and similar disturb- 
ances which occur during shutdown, repeated testing (as, for example, 
the previous tests of models MW-l6, MW-17, and MW-18) could result in 
damage to the models and to instrumentation; however, although much of 
the original instrumentation in these models was inoperative, no damage 
to the model structure was evident prior to the tests. The behavior of 
all models and the times of the various events were obtained by corre- 
lating the strain-gage data with the high-speed motion pictures. 


A motion-picture film supplement has been prepared of the tests on 
models MW-2-(4) and MW-4-(3) and is available on loan. A request card 
form and a description of the film will be found at the back of this 
paper, on the page immediately preceding the abstract and index pages. 


Model MW- 2- (4) .- As indicated in table 4, model MW-2-(4) began to 
flutter at 1.77 seconds, just after the desired test conditions had been 
established. The flutter occurred at a frequency of 480 to 500 cps, was 
of small amplitude with five spanwise node lines across the chord, and 
included only slight distortion of the tip bulkhead. This initial flut- 


ter mode of 


2 — waves was different from the 1— - wave flutter mode 
2 2 


observed before failure on similar models in this test series tested 
at 0° angle of attack (ref. 5 )• Tests of model MW-2-(2) at angles of 
attack of -2° and 2° (runs 4 and 6 of ref. 4) revealed a low-amplitude 
flutter at 360 to 400 cps. Although an accurate description of the 
flutter mode cannot be determined for model MW-2-(2) from the high- 
speed motion pictures because of the small amplitude of vibrations and 




lack of clarity of the films, the flutter mode appears to be similar to 
the initial flutter mode described herein for model MW-2-(4) . 

As in similar tests where failure due to flutter had occurred, the 
amplitudes increased appreciably before failure, especially near the 
trailing edge. At 5*01 seconds, failure occurred when the rivets con- 
necting the fifth web (from the leading edge) and the skin failed. 

Shortly thereafter the mode changed to the more usual li waves across 

the chord, the amplitudes increased considerably, and the frequency 
dropped to about 200 cps. At 5*79 seconds, the wing tore away com- 
pletely from its root attachment. 


Model MW-4-(3) •- The behavior of model MW-4-(3) was quite similar 
to that of model MW-2-(4) until failure occurred, except that flutter 
began slightly sooner, at 1.50 seconds (table 4) . However, this wing 
experienced a static bending type of failure at 2.56 seconds by collapse 
at the root while undergoing flutter at approximately 480 cps. 

Models MW- 16 , MW-17, and MW-18 .- Models MW-l 6 , MW-I 7 , and MW-18 
behaved similarly during their tests in that the models experienced very 
low-amplitude vibrations with frequencies of from 45 to 70 cps during 
the period of test conditions. All three models survived the tests with 
no apparent physical damage. Thus, since essentially the same aero- 
dynamic loading and heating were imposed on all five models, the addi- 
tional chordwise stiffness obtained by adding one, two, or three inter- 
nal chordwise ribs apparently sufficed to prevent flutter and subsequent 
failure . 

Failures of models MW-2-(4) and MW-4-(3) -- One apparent structural 
difference between models MW-2- (4) and MW-4-(3) was in the tip bulkheads 
model MW-2- (4) had a solid l/4-inch- thick tip bulkhead, whereas 
model MW-4-(3) had a light, formed bulkhead 0.025 inch thick. The 
effect of this difference in chordwise bending stiffness at the tip 
may have resulted in the slightly earlier flutter of model MW-4-(3). 

A second difference was in the amount of built-in twist (less than 0.5° 
for either model) which raised the aerodynamic pressure loading on 
model MW-2- (4) very slightly over that on model MW-4-(3) . A third dif- 
ference was in the thermal conductivity of the joints of the two models; 
as seen from figure 7 > this resulted in larger skin- web temperature dif- 
ferences for model MW-4-(3), and consequently in larger thermal stresses 

Both models began to flutter after test conditions had been estab- 
lished (i.e., after the stagnation pressure exceeded 100 psia) and their 
flutter behavior was very similar. However, the onset of flutter occur- 
red slightly earlier for MW-4-(3) than for MW- 2 - (4), and the time and 
manner of failure of these models were different. These differences in 
the failures probably were a result of thermal stresses induced by 


aerodynamic heating. Because of the lower joint conductivity of 
model MW-M5) , the increase of thermal stress with time was more rapid 
for this model than for model MW-2-(4). A state of critical stress was 
apparently reached in model MW-4-(3) at 2.56 seconds, at which time the 
combined stresses due to aerodynamic loading and aerodynamic heating 
caused skin buckling and collapse. However, for model MW-2-(4), the 
increase in thermal stress was considerably more gradual and the effect 
was less severe. 


SUMMARY OF RESULTS 


Aerodynamic tests were performed on five multiweb wing models at 
2° angle of attack in a Mach number 2 free jet under simulated super- 
sonic flight conditions at sea-level static temperature and pressure. 
Model temperatures and strains were measured and high-speed motion- 
picture cameras were used to photograph the model behavior. Because of 
uncertainties in converting the strain data to stresses, the strain- 
gage histories were used only to aid in reconstructing the behavior of 
the models . 

The model temperature data revealed that all tests were of a tran- 
sient nature . The amount of temperature data obtained was limited 
because of the large thermocouple fatality . 

Model MW-2-(4) fluttered and failed partway through its test. 

Model MW-4-(3) experienced a static bending type of failure at the root 
while undergoing flutter. 

The flutter mode of 2^ waves exhibited by models MW-2-(4) and 

MW-4-(3) in these tests (at 2° angle of attack) was different from the 

pi. — wave flutter mode exhibited by similar models in this test series 
2 . 
at 0° angle of attack. However, previous tests of model MW-2-(2) made 
at an angle of attack of -2° and 2° (NACA RM L 57 HI 9 ) revealed a low- 

amplitude flutter mode which appears to be similar to the 2 ^ -wave 

flutter mode discussed herein for models MW-2-(4) and MW-4-(3) • 

Models MW- 16, MW-17, and MW-18, which had internal chordwise ribs 
between the root and tip bulkhead, survived the tests without apparent 
structural damage . 

The tests of the five models indicate that small differences in 
model construction appreciably affect the model behavior and that the 
addition of one or more chordwise ribs apparently stiffens the design 
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sufficiently to prevent chordwise distortions, flutter, 
failures similar to those experienced by models MW-2-(4) 
under these test conditions. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va., August 26, 1959- 



and subsequent 
and MW-M3) 
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AERODYNAMIC TEST CONDITIONS 








TARLK 5 


MODEL .ttrain histories 



r Nt'gat.ive sign indicates compressive strain; when the strain gages recorded oscillating strains, the mean 
value is presented here; where data are not given, either the strain gage was inoperative or l-irjv oscillations 
in the oscillograph record prevented reading the data. 
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TABLE 4 

SUMMARY OF MODEL BEHAVIOR 


Model 

Time, sec 

Event 

MW- 2 -( 4 ) 

0.26 to 0.99 

Random vibrations due to jet starting 


0.99 to 1.72 

Model steady 


1.77 

Small-amplitude, five-noded mode flutter at 
4 80 to 500 cps 


1.83 

Increase in flutter amplitude 


4.98 

Marked increase in flutter amplitude near 
trailing edge 


5.01 

First structural (rivet) failure; mode 
changed to li chordwise waves and fre- 
quency to 400 cps, then gradual decrease 
in frequency to 200 cps 


5.79 

Wing tore away completely at root 

mw- 4 - (3) 

0.26 to 0.99 

Random vibrations due to jet starting 


0.99 to 1.50 

Model steady 


1.50 to 2.54 

Small-amplitude, five-noded mode flutter at 
480 to 500 cps 


2.56 

Static bending type of failures at root 


3.44 

Wing tore completely away at root 

MW-16, 

0.26 to 1.00 

Random vibrations due to jet starting 

MW-17, 

Approximately 

Models experienced very low-amplitude 

and 

MW -18 

1.70 on 

vibration at 45 to 70 cps 
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Figure 1.- Dimensions of multiweb wings. 
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Figure Natural frequencies and nodal patterns (A to 0) of models at 

room temperature. 























































Figure 5 .- Model in place at nozzle exit prior to test. L-81922 













Figure 7 *- Chordwise dimensionless temperatures for models MW-2-(4) and 

MW-4-(3) at 2 seconds. 
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or three chordwise ribs between root and tip survived | ; 0 r three chordwise ribs between root and tip survived 

their tests. I I their tests. 
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